Purpose Women with higher body mass index (BMI) following breast cancer (BC) treatment are at higher risk of BC recurrence and death than women of normal weight. African American (AA) BC patients have the highest risk of BC recurrence and gain more weight after diagnosis than their white counterparts. The purpose of this study was to evaluate the association between a mindful eating intervention and weight loss in AA women following chemotherapy for BC. Methods A single-group 24-week longitudinal pilot study with repeated measures was conducted. AA women (N= 22, BMI=35.13 kg/m 2 , range=27.08-47.21) with stage I-III BC who had finished active cancer treatment received a 12-week mindful eating intervention with individual dietary counseling and group mindfulness sessions, followed by bi-weekly telephone follow-up for 12 weeks. Linear mixed models were used to evaluate the effects of the intervention and of baseline mindfulness on the weight change over time. Results In the overall group (N = 22), MEQ scores increased over time (p=0.001) while weight decreased over time (−0.887 kg, p = 0.015). Weight loss over time was associated with higher T1 MEQ scores (p=0.043). Participants in the higher MEQ group (n=11) at T1 experienced significant weight loss over time (−1.166 kg, p=0.044), whereas those in the low MEQ (n=11) did not lose weight. Participants who were diagnosed with stage 1 BC experienced significant weight loss over time (−7.909 
mixed models were used to evaluate the effects of the intervention and of baseline mindfulness on the weight change over time. Results In the overall group (N = 22), MEQ scores increased over time (p=0.001) while weight decreased over time (−0.887 kg, p = 0.015). Weight loss over time was associated with higher T1 MEQ scores (p=0.043). Participants in the higher MEQ group (n=11) at T1 experienced significant weight loss over time (−1.166 kg, p=0.044), whereas those in the low MEQ (n=11) did not lose weight. Participants who were diagnosed with stage 1 BC experienced significant weight loss over time (−7 .909 kg, p = 0.014). Conclusions This study suggests that a mindful weight loss program may be effective for weight reduction and maintenance in some AA women who have completed treatment for BC, particularly those diagnosed with stage 1 BC and with initially higher mindful eating behaviors. Mindful weight loss program is proposed as a promising way in which to reduce obesity-related conditions in AA BC survivors.
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Background
Approximately half of breast cancer (BC)-related deaths among postmenopausal women in the USA are attributable to being overweight [1] [2] [3] [4] . Women with high body mass index (BMI) have up to twice the risk of BC recurrence and death than women of normal weight [5] [6] [7] . Unfortunately, a majority of women gain weight following BC diagnosis and treatment [8] , and African American (AA) BC survivors tend to gain twice the weight of white women [9] . Although weight gain following a BC diagnosis is also well documented in white women, their decreased relative rates of obesity and postdiagnosis weight gain suggest that ethnic minority women, particularly AA women, require more urgent attention for weight loss.
Mindfulness, defined as a Bnon-judgmental, present-oriented, focused attention,^ [10] , includes cultivating awareness of the unity between mind and body as well as exploring the role of unconscious thoughts and feelings in undermining emotional, physical, and spiritual health. Mindfulness is suggested as an influential force across cognitive, affective, and behavioral domains and shown to enhance weight loss in non-cancer populations [11] [12] [13] . The value of mindfulness as an adjunct to cognitively based weight interventions holds promise, especially for influencing long-term maintenance of achieved weight loss, a persistently troubling problem reported in the literature.
Mindfulness training is an acceptable approach for AAs for stress management and may be useful for prevention of stressrelated health disparities [14] . Although mindfulness interventions for weight loss in AA women have not been reported thus far, such approaches have been used in multiracial populations of patients with cancer to target improvement in inflammation and psychosocial health. A mindfulness intervention in breast and prostate cancer patients resulted in decreased T helper type 1 cells that produce tumor necrosis factor (TNF), a potent mediator of inflammatory and immune responses [15] . A mindfulness-based stress reduction program conducted with BC patients demonstrated decreased levels of IL-6 and other inflammatory markers compared to the control group [16] . Evidence of growing associations between mindfulness interventions and reduction in markers of inflammation suggest that weight loss in combination with a mindfulness approach to eating may result in a compounded reduction benefit beyond what is normally observed in traditional weight loss.
In early-stage BC patients, a mindfulness-based stress reduction intervention demonstrated improved psychosocial adjustment to the diagnosis, increased emotional control, and decreased depressive symptoms in the mindfulness-based stress reduction group compared to women in the usual supportive care and nutrition education groups [17] . This study suggests that an advantage in psychosocial health outcomes may be achieved by using mindfulness-based interventions with BC patients, which may result in better behavioral and cognitive success with interventions for weight loss.
Mindfulness as an adjunct to cognitively based weight interventions holds promise, especially in its potential to influence long-term maintenance of achieved weight loss, a persistently troubling problem reported in the literature. For AA BC survivors, the potential for enhanced weight loss using mindfulness training is an easily incorporated technique that may be of great additional benefit during active weight loss as well as in reducing weight regain. Therefore, we developed a mindfulness-guided intervention of culturally targeted approaches to food, eating, and cooking. The purpose of this study was to evaluate the effectiveness of a mindful weight loss intervention on weight loss in overweight and obese AA women with a history of BC in order to assess the feasibility of mindful eating as a weight loss approach for AA BC survivors.
Methods
A single-group longitudinal study was conducted. Following University of Maryland Institutional Review Board study approval, recruitment was done through oncology practices, community churches, and health fairs. Eligibility criteria included having (1) a self-described black or AA racial background; (2) BMI>25 kg/m 2 ; (3) a history of BC, stages I-III; (4) completed active treatment (surgery/radiation/chemotherapy) at least 3 months prior (with exception of aromatase inhibitors/tamoxifen); (5) ability to speak English; and (6) medical clearance from an oncologist or primary care provider.
Intervention
The intervention consisted of an active weight loss program and a follow-up period. The weight loss program (weeks 1-12) included a bi-weekly registered dietician (RD)-delivered individual dietary counseling, which was based on the American Dietetic Association recommendations for weight loss [18] . Calorie requirements were calculated for each participant using the Mifflin-St. Jeor formula for daily calorie needs. A daily 500 calorie deficit was calculated in addition to 50-55 % carbohydrate, 15-20 % protein, and 30 % fat of total calories. In addition, six bi-weekly small group sessions with five to eight participants alternating with individual counseling weeks were delivered to incorporate principles of mindful weight loss in addition to reinforcement of healthy eating principles, such as planning a balanced eating plan and identifying hidden fats. On six different evenings, participants assembled at the American Cancer Society Hope Lodge to participate in a 120-min interactive program. The program was designed to provide formal mindfulness instruction and practice, as well as to facilitate group discussion related to lifestyle management for weight loss.
& Mindfulness session: components included mindfulness, mindful eating, and body scan, which is an exercise in which one's attention circulates through the entire body in a non-judgmental way, focusing on the breath and acknowledging feelings that arise in the body. & Diet session included review of content from the workbook developed in our pilot study of low-fat eating in an AA BC survivor population [19] , containing principles of good nutrition and ways to modify high-fat ethnic foods for low-fat eating. Revisiting the body scan taught previously was also done. & Mindful cooking session was conducted at the Hope Lodge kitchen. Demonstrations of healthy substitutions in traditional ethnic recipes and other techniques were done. Participants were involved in the cooking activities, while mindful cooking, the appreciation of the act of food preparation, was also discussed. & Mindful eating: the main focus was on the actual process of eating a meal mindfully and this included application of mindful eating practices as dinner was served. & Mindful meditation session included principles of mindful meditation, using the breath for focus. Applying mindfulness to difficult eating and social situations was also discussed. A mindful walking exercise, which is the concentration on physical and emotional sensations during routine walking, was demonstrated and included group participation. & Moving into maintenance mindfully session focused on key techniques learned in previous sessions and how to apply them to weight maintenance, when staff support decreases and self-reliance must increase for continued weight loss success.
During the 12-week follow-up phase, bi-weekly telephone support was provided by study staff in which participant progress and questions about diet, exercise, and mindfulness were answered.
Measurement
Demographic and health characteristics (e.g., stage of cancer, hormonal therapy, and type of treatment) were obtained at baseline. Weight and mindful eating scores were obtained by survey at baseline, week 13, and end of study.
Mindful eating
Mindful eating was measured using the Mindful Eating Questionnaire (MEQ) [20] , a 28-item questionnaire with a fourpoint Likert scale (1=almost always, 4=almost never) that assesses five domains of mindful eating: disinhibition, awareness, distraction, external cues, emotional response, and distraction. The disinhibition domain is comprised of eight questions asking about the ability to refrain from eating even when one is full. The awareness domain is composed of seven questions aiming to capture the capability to sense and appreciate the effects of the food on internal states. The external cues domain has six questions related to eating in response to the environment, while the emotional reaction domain has four questions related to eating in response to negative emotional states. The distraction domain uses three questions to capture if one focuses on other activities while eating. Following calculation of the mean score for each domain, the summary score for mindful eating is determined by averaging means from the five domains. Higher scores reflect more mindful eating behaviors, including bodily sensations, emotions, and thoughts that (usually unconsciously) precede and influence eating behaviors (Cronbach's α=0.64).
Data analysis
The distribution of the outcome variable was checked prior to fitting the model. Linear mixed models (LMM) with random intercepts were used to evaluate the effects of time (the intervention) and the effects of baseline mindfulness on the weight change over time. LMM accounts for the intraindividual correlations across repeated assessments. Intraclass correlations (ICC) were over 0.01 (ICC=0.976), confirming the nesting within individuals and thus the appropriateness of LMM analysis. The interactions between time and baseline MEQ score, as well as between time and cancer stage, were examined to evaluate if the change in weight over time is different in each of the groups.
Weight change was further evaluated by stratifying participants by baseline MEQ as well as by cancer stage at diagnosis. The median baseline MEQ score was used to dichotomize the women into women with lower MEQ score at baseline or higher MEQ score at baseline (low, below 2.69; high, 2.69 and above). Because of the small sample size, stages I and II, which comprise early-stage BC, were separated in order to identify intervention differences between individual BC stages. All analyses were conducted using SPSS 21.
Results
A total of 26 women participated in the study. Four women were excluded because of missing outcome data, yielding 22 participants for data analysis. Participants ranged in age from 33 to 75 years with an average age of 50.14 (SD 9.0; see Table 1 ). More than half of participants (63.6 %) had Bachelor degrees or above. Cancer stage was distributed evenly over stage I (31.8 %), II (31.8 %), and III (27.3 %) ( Table 1) . Among cancer stages, there were no differences for age or history of treatment with chemotherapy, radiation, or hormonal therapy. As expected, there were differences by stage in surgical management of breast cancer, with 66.7 % of stage 1 having received breast conserving therapy, and 57.1 and 100 % of women with stages II and III having received mastectomies, respectively (p=0.01).
In the overall sample, the mean MEQ score was 2.87 (SD 0.40) ranging from 2.18 to 3.98 at baseline, with higher scores indicating more mindful eating. Weight and MEQ scores at three time points over the course of the study are provided in Table 2 . MEQ scores increased significantly over time (p= 0.001) while weight (p=0.015) and BMI (p=0.014) decreased significantly over time ( Table 2 ).
The change in weight was not statistically significantly different by initial MEQ score, as shown by the nonsignificant interaction between time and the baseline mindful eating score (p=0.996). However, despite the low statistical power due to small sample size, change in weight over time was further explored in higher and lower baseline MEQ group to estimate an effect size of weight change over time in each group. The decrease in weight over time was significant in the high mindful eating group (MEQ≥2.69; p=0.044) but not in the low mindful eating group MEQ<2.69) ( Table 3 ). 
Discussion
The mindful weight loss intervention improved mindful eating in AA women with a history of BC and was associated with decreased weight over time. This finding was particularly clear for those with higher mindful eating patterns before the intervention began. Mean baseline weight of participants in the high mindful eating group decreased significantly over time, suggesting that women with initially higher mindful eating behaviors derive a significant weight loss effect from an intervention designed to increase these behaviors. The effect of the mindful weight loss intervention on weight and mindful eating suggests an extended behavioral effect of mindfulness training in maintaining achieved weight loss, an important and often overlooked component of weight loss interventions in cancer patients. With regard to cancer stage and weight loss, those with stage I lost more weight than women with stage II or III. Given that surgical management was the only difference noted between the three stages, one possible explanation may lie in previously reported improved cosmetic and body image of patients with breast conserving surgery [21] , which in this study, may have served as a motivation catalyst for continuing to enhance these important indicators of posttreatment quality of life. Further exploration of the influence of cancer stage and treatment on weight loss outcomes is needed to better refine weight loss treatment in this population. This is the first known study to evaluate a mindful eating intervention in BC survivors, and the focus on AA women is of particular importance, given their relatively higher BMI and obesity-related recurrence risk compared to Caucasians. Other strengths of the study include a strong group intervention component, which can be standardized for other programs of weight loss targeted to this population in need of weight management. The literature supports that AA women prefer an intervention for weight loss that combines individual counseling and group meetings [22] . Our study demonstrates successful weight loss and maintenance with such a combination, and we recommend that both components be retained for future intervention work. Totals vary due to missing data; Mindful Eating Questionnaire (MEQ) assessing mindful eating; score range is 1-4, higher is mindful; dichotomized MEQ at baseline (low, below 2.69; high, 2.69 and above) BMI body mass index
Other, more intensive programs for weight loss have been evaluated in AA women with a history of BC, including a 6-month twice weekly group session approach with diet information and guided exercise (N=20), resulting in statistically significant mean weight loss (2.53 kg) and mean reduction in BMI (−1.00 kg/m 2 ) [23] . An 8-week study (N=24) of group meetings and a walking intervention also demonstrated statistically significant reductions in both BMI (−0.38 kg/m 2 ) and percentage total body fat (−3.4 %) [24] . Each of these studies included frequent meetings, which are not readily adaptable to the general population of AA BC survivors because they are not feasible or affordable to do on a large scale. Our study results, on the other hand, demonstrate better weight loss results using a more moderate intensity approach. This approach was designed to change eating behavior as well as how one responds to cues about eating, which may be a critical element for long-term weight loss success.
Studies of mindfulness training as an adjunct to traditional weight loss methods in non-cancer populations have resulted in improved weight loss, and our findings underscore the growing importance of this approach. A randomized control trial (RCT) of a mindful weight loss intervention in women without cancer demonstrated a greater decrease in mean BMI in the intervention group [25] , and in obese women who had completed 6 months or more of a weight loss program and received a mindfulness intervention during the weight maintenance period, lower BMI was observed at 3 months followup compared to controls [26] . Functional magnetic resonance image scanning has demonstrated superior global efficiency (an ability to dismiss food cues) in the precuneus, a primary area of the resting brain, when exposed to eating cues during scanning for obese participants scoring highest on mindfulness traits. This finding indicates participants' ability to dismiss food cues more easily than those with low mindfulness scores [27] . By contrast, the low mindful group had the greatest global efficiency in the auditory and insular cortices, indicating hyperresponsiveness of those areas in response to food cues.
Traditional cognitive behavioral approaches to weight loss in both the general population as well as in those with a history of cancer often fall short of the sustained weight loss goal. Our findings support the weight maintenance value of the intervention. Mindfulness is increasingly identified as an important adjunct to successful weight loss programs because it Mindful Eating Questionnaire (MEQ) assessing mindful eating; score range is 1-4, higher is more mindful BMI body mass index incorporates focused awareness of body signals of hunger and satiety, emotional triggers to overeating, and acceptance of the body in its current state. We believe that such novel concepts related to weight loss implementation also hold promise for enhancing weight loss, weight maintenance, and management of emotional eating etiologies in BC patients. For AA BC survivors, the potential for enhanced weight loss using mindfulness training is an easily incorporated technique that may be of great additional benefit during active weight loss as well as in reducing weight regain. Limitations of this study include a small sample size and single group design, in which the intervention was provided to all participants and therefore lacked a control. The one-group design without a control group hinders the ability to assess the intervention effect; however, the longitudinal nature of the study enabled us to see the change over time. Moreover, given that weight has previously been shown to increase post-BC diagnosis and treatment in AA [9] , the decreasing weight trend shown in this pilot study postmindful intervention is noteworthy. The small sample size would have an impact on the power of the intervention effect, but this study is meaningful as it provides the descriptive and directional information that may suggest the impact of mindful eating on weight loss in AA BC survivors. Results from this pilot study also enable us to calculate the effect size for a larger intervention study. Although significant findings were identified in our analysis, it is possible that incremental improvement on other outcomes may have been discerned with more participants. This population of AA survivors was well-educated and did not represent the cross section of women with BC. This intervention, therefore, may not be generalizable to all AA BC survivors, and further investigation in a more variable socioeconomic population is warranted. In future studies, the effectiveness of the mindful eating intervention on weight while controlling for demographics, treatment, disease, and duration of the intervention should be evaluated with an RCT design in a larger study sample. Having a larger study sample will also strengthen the power to detect the moderating effect of or the interactions with the confounding variables. Even so, a definitive study will also be needed to test the intervention in AA BC survivors in a multiyear longitudinal study, where the impact of this intervention on actual recurrence and mortality could be assessed.
Weight maintenance is one of the most elusive achievements in weight loss science, likely because many people turn to entrenched eating behaviors in social situations as well as to manage emotional stress. Based upon this study, as well as the literature, we expect that mindfulness training works to disrupt those patterns that lead to the use of food for reasons other than hunger. Reducing the BC recurrence and survival disparity between AA and white women is possible with an appropriate weight loss intervention targeted to individual dietary and exercise needs and supported by principles of mindfulness and mindful eating delivered in a group setting. The value of mindfulness as an adjunct to cognitively based weight interventions is increasingly clear, especially in its potential to influence long-term maintenance of achieved weight loss, a persistently troubling problem reported in the literature. By reducing the risk factor of weight gain in the recurrence risk profile for AA women, we expect that study findings will provide a promising avenue for reduction of obesity-related conditions in AA BC cancer survivors.
